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* Mixing and CP Violation (CPV) in the Charm sector
* Search for direct CP Violation:
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* Mixing and search for indirect CP Violation:
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analysis

e Conclusions

- lifetime ratio

Note: all the analyses presented here are NEW results not yet
submitted for publication and use the full BaBar dataset (~470 fb!)
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Flavour Mixing in the Charm Sector &

* Mass eigenstates # flavour eigenstates

D 5) = p|D°)

q| D)

* Definitions: mi2 and I'1 2 are mass and

width of |D1,2> and I'p=(1'1+19)/2

* Mixing parameters

/x_ml—mz y_Fl_FQ\
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e Assuming CPT conservation, IplP+lgl*=1

e Convention choice: Dj is CP-even state, CP |D0> = + |50>

Riccardo Cenct

7

BABAR

— ——

* Long-distance
contributions, dominant
but affected by large

theory uncertainties
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CP Violation 1n the Charm Sector %

BABARr

* Definitions: éf 5 <130 HIf) éj = <120
Az = (D°|H|f) Ay = (D"

)
)

Hf
Hlf

Ap /A2 — |A5/A|?
( direct CPV, Afpz0 ) AfD — f/_f : _f / i .
Af[Af|? + | A7/ A
R, — Ryf q
(CPVinmixing Aw#0 ) 4, = M ‘w0 p 1
Ry + Ry, p

~
(CPV in the interference, @¢# 0 y

==L = |="Llexp[i(d; + &f)]

strong +weak phase D°
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Experimental Status: Mixing

* Mixing in the Dy system 1s well
established, significance ~100 15

March 2012

* Standard Model (SM) . F _____ _. ____________ — | |
predictions affected by large Vv

ER A ) th \ . - ‘
uncertainties: x™°, yte ~ () 0.5 e s

(102-107)

| cPV allowed

* Measurements of x and y are at | 1No Mixin
the upper imit of SM, New od L g ____________________________
Physics (NP) may contribute 1n A
short-distance diagrams X (%)
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http://www.slac.stanford.edu/xorg/hfag/charm/
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Experimental Status: CPV

* Recently first evidence of CPV in the charm
sector

AACP — ACP(K_K+) — ACP(TF—TF—'_)
AAcp = [—0.82 & 0.21(stat.) & 0.11(syst.)] %
AAcp = [—0.62 4+ 0.21 (stat) + 0.10 (syst)] %

o - -5
Combined average exclude CPV at 1.98x10 Ahcri= Anci (1l 5 (0 /o) +ameARa
* Aacp(dir)=(-0.678+0.147)% T

o 0.02
. TO R
5 aCP(lnd)=(-0.027iO. 165) O/O g 0.015 ICHEP 2012 {sz 222: g:ﬁ::’relim.
. . - - % Y A, LHCDb
* These CP asymmetries are marginally compatible - R i AAcs COF Prelm.
) .. o 0.01 R ] A, LHCb
with the SM, but uncertainties on the predlctlons - § R S e
prevent establishing whether this is or not a sign 0.005 1 R :
of NP 0 ‘3‘
e CPV in mixing would be a clear sign of NP 0.005
* Present experimental goals: Rl i ~
" . 0.015 R
* Improve precision (also for single A\
. _0.02....|....|....|. ¥ PN BT S R R
asymmetries) -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
) ] ; ind
e Measure single asymmetries in more decay ICHEP 2012 Ace
e  hutp//www.slac.stanford.edu/xorg/hfag/charm/
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Searches for Direct CPV -
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* Need at least 2 amplitudes with different
weak and strong phases:

T + -t :
* Singly Cabibbo Suppressed (SCS): tree + D= = KTKm= 503 tree+penguln

penguin D=+ KXK*  CF+DCS
* Cabibbo Favoured (CF) + Doubly T 07 = N '
Cabibbo Suppressed (DCS) D ! v K% Ki 303 tree pengu%n
* Time integrated CP asymmetries: D s 7 K o 30 tree+penguin

B(D@s) = f) =B (D) — f)

& (D) =t 1) AR 18 (D = 1)

« Contribution from K0 - KO0 mixing:
+(-)0.332+0.006% when a K0 (K0) SCS

1s 1n the final state

* Three-body decays CPV effects can c

D= - KJK™

be enhanced in certain Dalitz Plot DT
(DP) regions p
 DP model-dependent and model-
independent searches CPV s O 1%
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Searches for Direct CPV v

BABAR

—————

* 3 contributions to the measured value:

D5y D(s) i AD< s)

Arecs = A (COS 9}5(3) ) —I— AE:W’K) (pl(?TbK) ? GOk 9%3‘}?[())

* Fwd/Bwd asymmetry in CC production, Ars A g (-H cos 07 D (—‘ cos D
* Virtual photon interference with virtual Z° CP (‘ COS DD
* Odd in cos0%, used to decouple from Acp (indep. of cos0*)

* Additional data-corrected MC only for D* = K*K-rt*

* Detector-induced charge reconstruction asymmetry: reconstruction asymm. and material interactions

¢ data-driven method (D*— Ksh*) * e*e” = T*T" data sample (D* = K*K-m¥)
+ +
R(p o Q)LAB ¢ (p7 COS H)LAB _ Nrec(p7 COS H)LAB a(p ) g—l-(pﬂ') —&— (pﬁ)
7 e Lab) —

e~ (p,cosO)LaB  Nioe(p, cos 0)1,aB ex(pr) +e_(pr)
®1: l1019 mljlllllllllllllHHH”HH wWos . 002 g
+ l%o.g : 1 K= I80.8§— : 78S S DU S P o~
Y] ¢ s | 1415 06 T = < OO BABAR| -
i [ e | cmp 00T ~ preliminary |
02F o 02F 5 = 0.005F = = i
IF 0 s —1 O ]
3 B AB AR F ™ A BABAR E | 0.005F- =
il preliminary U preliminary | ool E
-0.8__ 08F -0.015? é
101213[1115[6 0.985 hll % 097 00 e
Momentum (GeVie) Momentum (GeVie) p, (@) (GeV/e)
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D*—=KsK*, D& KsK*, D¢*—Ksit* analysis ﬁ?

* Precision goal 0(10-%), need to keep systematic errors at that level

BABAR

—————

* correct for the detector-induced charge reconstruction asymmetry using a data
driven method that makes use of physical-asymmetries-free charged track sample

from B decays

* Perform simultaneous mass fit and extract the number of D()* and D¢)" in 10 bins

of cosO*

* decouple CP from FB asymmetry and combine values with a * fit
D - KVK=

D s i
Slgnal Yield 159400 800

Signal Yield 288200:1100

= SHETS =
=3 BABAR o e
2i preliminary E 0.5¢ —t — 1 E
| o = :
1— R S -
- = ~0.5 S
O —_— ] -
A G -1 .
_1? E 1 55_ Bz‘.BAR =
_2:_ E “F preliminary
~0 02 04 06 08 llc(l)slle}jl 0 02 04 06 08 |Iccl>sllel*_|
D
Ace (0.155:0.36)%  Acp (0.00:0.23)%
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-10¢

- BABAR
preliminary

C_1 | | | | | | | |

-15

-20

I
DS
Signal Yield 14550510

% Kgﬂ':l:

OF

_sf

=10~ |

0 0.2

Acp (0.6x2.0)%
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D:—KsK:, D KsK, D Ksm results g
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* Dominant systematic uncertainties:

e D*—KsK*: statistics of the control sample used to correct for the
charge asymmetry

* D*—Ks7t*: binning in cos0* to decouple CP from FB asymmetry

* Apply corrections and evaluate the contribution of CPV from charm

DE & KOK® DE S KIK® DE 5 K0n
Acp value from the fit (0.16 £+ 0.36)% (0.00 £+ 0.23)% (0.6 +2.0)%
Bias Corrections
Toy MC experiments +0.013% —0.01% -
PID selectors —0.05% —0.05% —0.05%
K?—K? interference +0.015% +0.014% —0.008%
Acp corrected value (0.134+0.36 £ 0.25)% | (—0.05+0.23 £0.24)% | (0.6 2.0 £0.3)%
ﬁgg ggfgt_ﬂfh(‘gtgmg (—0.332 + 0.006)% (—0.332 + 0.006)% (0.332 & 0.006)%
Acp value (charm only) | (0.46 £0.36 £0.25)% | (0.28£0.23+£0.24)% | (0.3£2.0+0.3)%

(value) = (stat) = (syst) No CPV observed
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D*—=K*K-7%, integrated asymmetry

BAaBAR
: 50.16 \ “,}ozlz..‘ EZZIIH"”"”"””"

 Efficiency from MC sample generated 5. a1 ERRVRE BAlB_AR 0.08

. . O ‘ W 3 o o reliminar —0.
according uniform phase space S0 | 1 Eus SUULLS ol
re T 4 pos
e Parameterizations: %02; P R 4 Frpos
gooy- B 3 304
e cos0*, to correct for FB S oo f . 't 10

o - BABAR 08

asymmetry ot o | oy o { jlo.oz
) - 0.02f ! . : ] 0.01

.blnned Dalltzpl()t Oi-I.HMmH\m\mim\m\mmmm R S 0

-1 -0.8-0.6-04-02 0 0.2 04 06 0.8 1 1 1.5 2 2.5 3
cosO,, m2(K*K")
* Integrated measurement similar to previous analysis: Signal Yield 228k

3 ; ; ) o & 0.02p e .

e fit the invariant mass in 8 bins of cos0* 00015 E

* compute the asymmetry in each bin ool \ E

_ + . gip _ o , e O

e N;(D")/ei(D") — Ni(D™)/e;(D7) 0.005" =

1T — o i ]

N (D7) /e DT} + Ny(D=)/e:(D7) o e

* decouple Acp from residual Arp asymmetry 0005 | E

combining symmetric bin in cosO* 001F .

28 : BABAR
e perform a ¥ fit to a constant value: 0.015 D —t ]
002510270304 05 06 07 08 05 1

Acp = (0.35 £ 0.30 = 0.15)% | No CPV observed

IcosOql
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Riccardo Cenct

CKM 2012, Cincinnate, Obeo, Sep 50, 2012



D*—=K*K 7%, model independent analysis (1) ‘;

BABAR
(1) Measurement of CP Violation £ 17— BBk " £ ) BaBar|n /-
n 4 reglons Of the DP 55’:1' 8 C preliminary _ _ § 6002;_ preliminary 3
* divide DP in 4 regions .0 D ; : :
* evaluate N(D*) in each region by | B %Il o (< (G v,_,
fitting the mass distribution o ’A SR IS P
m2(K*'K’) (GeV?/c?) = ) =
* correct N(D*) by the e sl T E I g~ YA ;
corresponding €(D*), and N(D#*) =~ Iifé..ln}q.’,w 1 2 Igﬂﬁ;}q’r‘; :
by R to remove any asymmetry £, ‘ g ;
due to physics, like Arp et h ] ;
ND i / 5D o - - . m2(Kif(') (GeVB";jc“) A  m2(K'n*) (Ge v 2/c 4;
R= — 10204 0.006 4, Fmmrr—— 4 s
ND— /ED_ Zégf%':""- - -~ = ZEgEE' -
Dalz ot egion N7 O N0 D Al | o, N
[A) Below I_(*(892)0 18270 00 189 637 [B2LMx1T  Aqp = N(D )/ 6(D ) A N(D )/ €(D )
B) (392 WAL TR ONMEBT TR B 030 N(D*)/e(D*)+ R N(D-)/e(D)
(C) o[1020) B6+ 200 857 4009+£289 85 02620321045
(D) Above K*(892)" and 6(1020) 23616 + 244 801 US604242 800 |1.05 40454031 No CPV observed
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D*—2K*K-7*, model independent analysis (2) ﬁ

)

;}’ = S/
BABAR

°(2) Normalized residuals of efﬁciency-corrected and background-subtracted
DP for D* and D- computed using an equally populated adaptive binning

m2(K =*) (GeV?/c?)

© o o o
S e e

n?(D*) — Rn3(D")

A; =
2 2 Y
Vo (DF) + R?07 (D)
- me  BABArLE
: s preliminary 1ob BABAR
= ; - preliminary
s
_ .......... i
..... 0:-...|. ‘J
1 1.5 2 2.5 3 S5 4 3 -2 -1 0

m2(K*K’) (GeV?/c?)

N

1

\
'lli.._ l
2 3

Normalized Residuals

N;
&4

7::

4 5

* (3) Legendre polynomial moment analysis (PRDZ8/051102(R)(2008)D

* Found K*K- and K-7t* moments to be consistent with null

hypothesis at 11% and 13%, respectively
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D*—=K*K-7*, model dependent ana1y51s

BA BAR
. Iscilbar n;odel tofdescrl‘.ljt)edthe DP distribution as a e ) v (%) Ad (°)
coherent sum ot amplitudes 3
R | | . K*(892)° 0. (FIXED) 0. (FIXED)
* Each resonance R; 1s parameterlzed with a different R (1430)°  —9.40+5:65 4 4,49 _6.11732% 4 1.39
amplitude # and phase ¢ for D* and D- (4 pars.): 0226 335?4
5 ) ¢(1020) 0.357 7 35 & 0.60 el e 0 0%
* CPV parameters: M2 — |M;) NR ~14.30T1167 1 598 —2.561791 1 8.91
| Mz"2 i ‘ /\/li‘2 k(800) 2.007559 +1.85 A2 e 11
AN — s — a a0(1450)°  5.078% +9.39 4.00%5795 + 3.83
e v Ax Ay
* Cartesian form: Ax and Ay fo(980)  —0.1997%1% +0.084 —0.23179-1% 4 0.079
e Perform a simultaneous fit to the D* and D- DPs fo(1370)  0.019%7g4g +0.022 —0.0045% 5556 + 0.016

DP pro; N (D ) N(D ) for data (pomts) and p .d.f (blue curve)

~ m pr— | ~ No CPV observed
i I I I I LT F
1> 3005 B 1: 600 BABAR — 1’ 400F BABAR .
S TF TN [ preliminary S [ preliminary
Q - 0 © 300f =
S’ S S
o] Ln L 200:
S S = JPPE
€ = c OF
] > -
W s00r L o
F - -200F z
t preliminary i _300L y E
_4005\ Lo b v v e b b Ly Ly T _400 | B 400 | I TR B

04 06 08 10 12 14 16 18 20

,\1-0\ L1

PR TR T S RS |
20 25

:l\\\‘\\\‘\\\‘\\\‘\\\\ .
04 06 08 10 12 14 16 18 20

m2(K*r*) (GeV%c?) m2(K*K') (GeVZc?) m2(K'=*) (GeVZ/c?)
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Mixing and CPV with Lifetime Ratio Analysis x

BABAR

———

* Simultaneous fit to 5 signal channels:
* Flavour tagged: D*=—D0n*; DO—K+K-, mwtr-, K= ®
* Flavour untagged: D0 K+K-, K+t—, K- 7+

e Extract: T [ 1 1 ol 1
— — IANVE =
ARG (7‘+ Tl > . AR

* If no CPV, ycp=y and AY=0 * Tp = DO lifetime (K+5-, K- 7t+)

°1n general YCP and AY depend on the final state °*7T° (;’L) —p (50) effective
lifetime for decays to CP

eigenstates (K+K-, mw+m-)

* Experimental assumption:

 small mixing (x|, lyl << 1) = proper time distributions

are exponential with corresponding effective lifetimes to A
a very good approximation Yop = 1y CoS & — Eat b b
* not sensitive to direct CPV and weak phase ¢ does not %4
depend on final state = KK and 715t modes share AY = —zsin¢ + TMy Cos ¢

common effective lifetimes (crosscheck fit on data)

Riccardo Cenci CKM 2012, Cincinnate, Obeo, Sep 50, 2012



Backgrounds and Data Mass Fits

* Charm background:

* Small component (<0.7%), misreconstructed charm decays, not ox0 BARB
separated in the mass fit = [ unt pfé,,m{éal,‘;'l
ey . : . . S 30F
* Lifetime fit PDFs and yields are extracted from MC in the signal region |2 ~ KK purity’
2 T :
. . = 20500k, 74.4%
* Combinatorial background: £ §
5 g 10 —
* Main component, random tracks =R
* Lifetime fit PDFs are extracted from data outside the signal region
* Lifetime fit yields (not for untagged K+K-) are extracted from data in S T T
the signal region (integral of bkg PDF minus the charm bkg yields from 182 1‘84M 1‘52(6}6\/1/&82? to
MC) x10° -
5w BABAR
> unt preliminary
o = 300 Km purity’
< 20000 T S 40007 < o | Z ]
0 0000 BABAR 2 T D+ BABAR S 100- e BABAR = 200 5.8M 84.7%
° L & preliminary f 2 i preliminary 2 N preliminary 2 i ]
= 1sool TU f | wwemmem = 30000 KK = = gof Kum - g2 : ]
S 9 purity . & 9 purity’ g purity; Z oo ]
Z - 12 | «X 1 2 6ot - i
= 1000 <X 94.4% | < 2000~ 99.3% = “ 1.5M 99.8%-
= : 1 2 - 65k 12 4 ] 0
& 5000 : 1 & 1000 - R T S BRSNS SR
C N 201 B A S A R R
. RIS SN = T 182 184 186 188 19 192
_ _ 0 : My, (GeV/c?)
= +2 P AR R R Ve = 2L v asmeree s B I v e —_—— T
] R A R T 2 A A “‘rl ‘ A~ ‘2...”‘.'\.‘.1.‘.\*7"\”‘7."‘.'\.‘..".‘.\'”m"
1.82 184 186 1.88 19 1.92 182 184 186 1838 19 1.8 1.82 1.84 1.86 1.88 1.9 1.92 . .
M, (GeV/c?) M, (GeV/c?) M, . (GeV/c) signal region
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Proper Time Fit Projections

* Signal: properly normalized 2d conditional PDF (t,0¢)
* Lifetime 2d fit in the signal region only

& T T 2 T P R R Z 10T | 2
2 10°r D BABAR 2 10k D** BABAR s | unt Bpégﬁalrs -
Z - preliminary f = - T preliminary 10'r KK 7
.§ i E— _@ : - F B Charm é
2 10%k 5 g 10°F .
[aal o 88l -
10k + 0k
T i ]
= A2 e R P T = 12 A
- _2.\ ..T | \.\.\ L [ | -\. A _2. j
-2 1 0 1 2 3 4 - £ (ps)
o) : s BAB
. . Zz 10F Al /
S BABAR| - ;e |
O » E B B
= 0 preliminary | = wi — (405.69 £ 1.25) fs| | £ . o
£ B 1 £ B = :
g 10 1 & 10 ~ = (406.40 = 1.25) fs|]|
i i 108
1 ‘ 1 g« DY lifetimes B e e S e,
E +§ o= e S AT E +§ " ’.._ ....- ~'_“"— T — ( 40897 :I: O 2 4) fS 2 -1 0 ‘ ; 9 2 3 4
< \ | \ \ \ e N T
2 1 0 1 2 3 4 2 -1 0 1 2 3 4
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[atetime Fit Results

(stat error only) yep = (0.720 4+ 0.180 + 0.124)%
BAIB.AR AY = (0.088 £ 0.255 £ 0.058)%
T ey I R
T - e
. No CPV observed (value) = (stat) = (syst)
T L e | W
e D £791 1999 II | II 0.732 +2.890 + 1.030 %
404 406 408 410 412
T (fS) 3420 +1.390 = 0.740 %
» Most precise single measurement of ycp CLEO 2002 | [——+——] AR LA
 Favored ycp value similar to prediction w/o CPV Belle 2009 Pt 0.110 £ 0610 +0.520 %
(HFAG value fo.r y=(0.456+0.186)% from direct . u S0 5 06305 0410 %
measurement using D0— Ksh+h-)
X . i Belle 2012 H 1.110 £ 0220 +0.110 %
* Compatible with previous BaBar results: NEW
e AY=(-0.26+0.36+0.08)% (PRD 78, 011105 (2008)) | . | BADAR Y ormzoimzesss
(Opposite sign definition)
e yep =(1.16+0.22+0.18)% (PRD'80)071103(2009)) = o 0866£0.155 %
. r 4 3 2 - revious value
e This result supersedes the previous BaBar results e lyo (;0 )2 C 0 Lo6e 20209 %
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Conclusions § 4

BABAR

* Increase 1n precision and 1inclusion of more channels are needed to

understand the origin of the CP violation reported by LHCb and
CDF

* We have searched for CP-violating effects with the full BaBar data
sample reaching a precision down to 0(10-9)

* We have tfound NO evidence of direct or indirect CP violation 1n
the following channels:

* D=—KsK*, D KsK* D—Ksm (direct CPV)
* D= K*K-m* (direct CPV)

* D'—2K+*K-, DY—mm (indirect CPV)

* We have measured ycp with the highest precision to date, and
excluded the no-mixing hypothesis at 3.30 significance
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Systematics: D—KsK, D KsKe, Do Ks g

e Dominant contributions:

BABAR

* control sample statistics for correction of detector-induced

asymmetry

0 binning choice

Syst. uncertainty (absolute) | D — KVK= | DT — K'K= | DT — Kor~
Efficiency of PID selectors 0.05% 0.05%
Statistics of control sample 0.23% 0.06%
Selection of control sample 0.01% 0.01%
cos ©* binning 0.04% 0.02% 0.27%
K'-K" regeneration 0.05% 0.05% 0.06%
K2-K? interference 0.015% 0.014% 0.008%
Total 0.25% 0.24% 0.29%
Riccardo Cenct CKM 2012, Cincinnate, Obeo, Sep 50, 2012



Systematics: hifetime fit

Fit Variation |Alycr]| (%) ||A[AY]] (%)
mass window width 0.057 0.022
mass window position 0.005 0.001
untagged K K signal oy PDF 0.022 0.000
mistag fraction 0.000 0.000
untagged KK D° fraction 0.001 0.000
charm bkgd. lifetimes 0.042 0.001
charm bkgd. yields 0.016 0.000
comb. yields 0.043 0.002
comb. sideband weights 0.004 0.001
comb. PDF shape 0.066 0.000
o+ selection 0.052 0.053
candidate selection 0.028 0.011
Total 0.124 0.058
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